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(57) Abstract: 

PROBLEM TO BE SOLVED: To produce silicon single 
crystal wafers that have excellent device properties via 
the Czochralski process. 

SOLUTION: (1) Relating to the production process for 
silicon single crystal with an oxygen concentration 
of - 13x1 0 17 atoms/cm 3 by the Czochralski process, the 
latent area of the oxidation-induced lamination defects 
revealing in a ring form inside the crystal face is 
controlled to 70% to 0% of the crystal diameter, and the 
V/G value is controlled to be a prescribed limit value 
in the radial direction except the outermost periphery, 
when the pulling-up rate is set to V (mm/min) and the 
temperature ingredient in the direction of the lifting 
up shaft is set to G (°C/mm). (2) The pulling up speed 
is more increased to = 1.0 mm/min, when the silicon 

single crystal of 13x10 17 atoms/cm 3 oxygen 
concentration is produced. In the production of slicon 
single crystal wafers, the temperature ingredient G in 
the crystal in the lifting up direction is calculated by 
the heat transfer calculation and the V/G limit value is 



made to 0.20 mm 2 /°C. min and the operation 
controlled so that the V/G value may exceed this value. 

COPYRIGHT: (C)1999,JPO 




0 10 20 30 SO «0 TO 80 



(19) n*H#if/r (J P) (12) Q |f) g^= ^ (A) 



#^11-157995 

(43) 3 1 ^ (1999) 6 ms R 



(51)IntCL 6 

C 3 0 B 29/06 
15/00 
HO 1 L 21/208 



5 0 2 



F I 

C 3 0 B 29/06 
15/00 
HO 1 L 21/208 



5 0 2 H 
Z 
P 



^m$t it#SI<Z>8c3 OL (it 8 H) 



(21)WW## 



(22)WiBB 



!RWF9 - 318704 



(1997)11^ 19B 



(7DW0A 000205351 

(72)&9i# lEft 

&«m^ft8PMWA^_b/J^Ba2201#^ 

(72)&W# ^ 

fe**ff : fttprat"rA^±/hBa22oi#^ 

(72)%^# 

(74)ftSA & 3f*g 



(54) [%9I<Z>«ft] ^U3>JW»*»>x-/\©«a36ftfe 



(57) [gjfo] 

[&£§] f 3 ^ J; oTf^-f ^^ttl^I 

jfirai-^SJ: ^o, 51 ^JitfiiSSrV (mm/mi 

n) tu 5i^±tf«jA-r«i©#sart?a**isasrG OC/m 

(2)^^/£7jM3xlO ,7 atoms/cim y n 

*SiToSr$!ii£-rS*^(Cti, SfeMI;* k(f&7g£r 1.0mm/ 



U V/G<ORB#fi££0. 20mmVt;-mint Lt, V/Gll 



6 
o 

CM 
g 

e 

\ 
> 



0.2 
0.15 
0.1 



+ + + + + + + + + + + 

:+ + + +♦+ + + + + + -H-+++ + 
^ + + ++++++++++++ + + -tf 
-^-»- + + ++ + + + + + + + 

+ ,+ + j j-.t.V.f.t -' 1 ' + t + +. ++ t 





-(b) 



0 10 20 30 AO 50 60 70 80 
*frC>j&> £ <Z>9iM (mm) 



1 

id) t-r^<t#, V/G{ut (mmVC-min) ^J^^CO^^ 

X 10 ,7 atoms/cm 3 a._bT'fc^» V =3 Mitt" £ 

9 I- LT, t5^o, 31 £i:(fiM£V (mm/nun) 
m) V/Gjt (mmVr-min) Srij^cO^ 

fficOP.g#jig:£0. 20mm 2 /r -mint LT V/G ffi^^r^i: 

to 0 0 1 1 

b<fi, j& (£bF\ CZfttl^) (d 

iot, ^TW^ Grown- in £lfl&tf>&l ^milf^ v- y ^> 

[0 0 0 2] 

(Wxtf* 1000-1200^x1-10^^) %$itftik%* 

v > ^m^m^mitm^mxm (wt, ospy>-^ 

^W£E^(-^^^^^ti, ff/£ ( J'^l£ hif^t (mm 

/min) <nmw&g:\i, h(m££/h£< LtlK 
(djfc#jgbTi*< 0 r^5i-e**.^^^i- 
(c^ 0 , (aii-e^-r ^» t osf y > y (D*Mai]flBJi£;$5 ^ _-r. 



(2) 1 1 5 7 9 9 5 

2 

[0 0 0 3] C Z&^$m£iifc^^^-/^0SF 
ffrsiV K^J^L, M0S§iLSlSrKja-r54#^t-y- hfS 
m^-m^HS^&Sr^l^ £<bM hkyfJrt/<y^ 

*^fn - /hU4f£ : J^ffl^fi, 66,662(1997)) 0 
[0 0 0 4] r^J; ^/jrP^Mi-^i-^fcfc, 
10 g><<Djj8k&mM&fLX\^Z> 0 ^f, ^^¥2-267195-^- 
CZiEfclCctoTiE^lOOinmWiWv'y =«^¥ 
*g*Sr*ligi-5BSit-, 3l^±tf3iSSr0.8mm/miniUTlc 

0.8mm/min^Tt 5 <£j£idgS:3£-f & w £ Wot, OSF 

^(c.ULtf, OSFy ^^^^WJ^-CliK'ftlKiififJEE^ 

20 [0 0 0 5] b^U ^^Xt&mZfofc-Jj&Xte, 

4-0.8mm/min<Df5fflXii, f&^fcMSl(C £ t> &o T0SF 

y >^<7?®j«t-Bfe^je«iJi^:is(6 car, osf^?) 

/j^<tat > osFy >?<DMB!m&\cft±-fz>fe&? 
=7 * * id «t s 4#tt^k<oRajs^^ b 60 

[0 0 0 6] ifc^M, 4f ffl¥9 -202690#^^"C»±, ^ 
— /^[g»it-e50%^_L, *fc(i^^f>30mmai:^>^ 

^iJ±»iffi^^(0^i^«^fc5 y y 3 > 
^j^lfwlt^ 1 1 _ttf ig^ld^f b80-60%O^I # _htf 
Scid«fcixlJ, te^?^ (17ppma(JEIDA). 13 x 10 17 atoms/c 

m<DM$Lt>**£< . ^--rnx^mmit^mcx-DX 
[0007] ±%i<nmmz£fr&. m<tmmi±(7)^t^ 

^f^(Df£i ^m^K^m^^^ ^XFPD^ LSTD*3 ± LTOSF/I^ 
40 i-ft*^, ±fdC03K^^T'(i, 0SFy>^(D 

z.6ofci6, ospy >^o^Rmi^^^i^ifrt/r:^ 
fvy — ^#to#t*TH^^< ^ ttif^^Tj^fcs,, 

[0 0 0 8] mm^-. #fffi-^«-330316^^$ft-C*li, ^ 

^W^B5^9l>-tf^t^^^^?a/|t 5 iyfid$r$iJ^bT, 
IrHv: y 7 ^ ^ ^ — & ^k/^ ^ iir 6 c t ^ < , OSF V>y<D*\- 

i%m&<n&&mh±mz.mfztimi>>wM£}ix\.*z> (l 
50 b^b, &&<D}jfcX'\*m&xmfc£iitzii6[H<nuf&'J4 



(3) 

3 

[0 0 0 9] 
to 0 1 0] 

mtk~r^tz^i't£^thtr_h<nx^<9 , TfE(l)$s«fct5(2) 
[0011] (l)C Zfe{CioTS^i&^i3xlO ,7 ato 

l:Lt, t^o, 5l^_hlf3iSSrV(mm/min) £ U y 

5l#±tftt^ffR]<D3jgSl^?a^Ba^G CC/mm) 

£3\ V/Gte W/Omin) £*gfft«>S^SlS«:Bfe< 

[0 0 12] (2)CZfet^J;oT^^^13xl0 17 ato 
ms/cm , ^JiT*fc6v'y ^ >^^h^^^S^;&T^o 

f-LT, T^o, 3l£._hifiM£V(mm/min) >U 

^ItitfW^iOJltg^^iaS^lBfiSrG CC/mm) t1~S 
V/Gflff (mmVC-min) £/^&^ift^MJ^£im< 

31 # _Ltf 5i&&]. Omm/minW _L t f 5 ^ t 1 1r 6 

>>y nvw^xw^im 
[0 0 1 3] iifB(l)^oJ;U ; (2)cO>y ^V^eTr^^- 

B2G Sr<sfRifmi- <fcoT1300Ci HOO'C-Ctfm&fcJBfi^ 
TOfiS^ ibl^U VXGfORSIf-fflSrO. 20mmV < C -mint 
LT\ V/Gfjt^^ilW hic^S J: ^(c^J^f 5^)^^. 

[0 0 14] jffli£<7)iffif9 v c z&T*W/#£iUc-> y _-7> 



1 1 1 5 7 9 9 5 

4 

Wd^-rsse^ Hi^tft^st, osf^jme^ y > 

[0 0 15] 

T, ^-/^ft^OSFy >i/(O^^^Sr'^^tCi5V^ 
^^ffl^PR^U OSFy ^^^«i:iSftLT#ft 

[0016] osFy >^(om^M^m^x, n\ 

Z hif^^VCmm/min) t U •> U >S6,£^k 1300 

x: £ -e(7>45ra^<o^?as«si-*3 ft & 31 # .tif 
1&&toM8£*l&&G CC/mm) iri^t^, v/G<ntt 

-<D^|#±(fii^T*fcoT*>0SFy V^(D^^H^ 

6. L^U _bfcloovXGjiS^ji^('$iJ^]-r^ r idi: 
or, osFy >y(n¥&%\z&—mmz.j£#>z>z.ttf-? 

OSFy v^<0«^«SrH«E-e#So 
[0 0 17] ±|S<0?a^^]BdG CC/mm) WKtttii-^^ 

ti. S.Miyaharaftfe : J. Cryst.Growth99, 696(1990), T. Fu 
jiwarate : J. Cryst. Growthl28, 275 (1993) ) 0 

[0018] ^mwiztei^xn, ±sa<D®^<3)<D\ t *'? t fo 

ldJ;o-afij£&JBfiG CC/mm) ^tULTt iV^s, ^ 

[0 0 19] ^f ] Jj^-^iTt, M«4jfidG CC/mm) CO^ 
Mlt'^LT, _hfLl(3)^>yteT''jl^ JittVilnJi^ 'TMT^ra - 
to hcOHOOr 1 1300r r*tO^/f ^Jfid$r^^>, ^itr 0 co^ 
JiJf^-^G (r/mm) ^cOtOi;^ 



5 

(mm/min) k<Of£&X~ s V/Gf^^t, $ 

±fd<m£^g2G CC/nun) (^ttU'J^'U^ 

0 . 2 Omm V C ■ m i n t ?£ 9 , V/GI^^ it W>.|:l&J^tS 
MSfci; t tfftfaZo i-t£t>t>. V/GI^O. 20mm 
■minW.hi--rH(i> £ ^'iSI-tefl^ 7 * * 0 S $£ 

[0 0 2 0] L^U/£*s<b, *&£4gffiiG CC/mm) cO^ 

[0 0 2 1 ] (21 i /^>L^h<r>'&j3\»\i\[M : & 
iia, V/Gfg$r*£«ii: tT->x-/^^(^ii^ 

^x*te± xfi&mifol&m J; £ ^iWW *>s^f>^^ 

[0 0 2 2] 12] 1 frbWbfrttX V/Gffi^0.20 
mmV^'min^tC^e, t , @^rf^I<0»i(£^(C*5V^Tte 

> ^(D^vmmm^M ? =7 * * & is i ^ i- 

ii. ^/£J^£im^»>T + V/Gt££rO. 20mm 2 A>nnn 
[0 0 2 3] l flt^ y ^>#&*&?:i,w^<b 

rfTi^('^.n-6osr y > ^<Dt -f^s^L t-'t$co70%M>%<o 



(4) ftffl^ 1 1 1 5 7 9 9 5 

6 

T\ OSFy >^(7>^^^^R^^^70%jC^5^{i, 0SF 

osFy v^co-^?is*s^^<oo%ic^s tn ospy > 

[0 0 2 4] OSFy > y<D¥fe&f&&¥-&.<n70%^Q%<F> 

tUf, C Z fete £ZW&mmmi<nmiK<}\ £ .hlfj^Vm 
axi^LT, ^lfe^cD^(D3l^i:if^/£V£70%~40 

[0 0 2 5] g]2(i, OSFy >y<D¥-'&&1&&¥ L &<D70 

O^PfeO^^^i-gl-CfcSo 1st] 2 (D (a), (b)^3j; 
tJ« (c) tim^ SM^tT, fflft<0&tt\ ^ -btf ii^Vma 

Fy V^(0|g^gSrtat£-^tCLfefe<D-Cfc$ 0 (a)T 
te. OSFy >^2cO^]^{^4/fmf^it^4 ^i5^L 

7?M5WoTV^ 0 riLic^fL. (b)ioJ:t>(c) 

[0 0 2 6] _b|B^> X o tc % OSFy >^<7>^^<*®^ti 

f>t?*)^ 0 MTdm 1 gl2^Ca), (b)^J;^(c)(' 

^M^LTV^ 0 m2(D(b)&£U i (c)<D£ 5 OS 
Fy >^<D^0J^^(-fc{£:? 7^^^M^^V^ci6 

mi®&!&<&ljfa<DifcWLX'V/Gffi.&0. 20mm 2 /t:-mir 1 W 

[0 0 2 7] a±^tfcJ:9i:, CZM^hfc 

v-y ^i^&e^-'M*, osFy ^^^^t)^^^ 

^(7>70%-0%^ffl(-/^ "9 . i^EfQ^^r^cD V/GI 

y->-f*3<7)M.S^SrlB#^li. OSFy ^^^^ 
& ( ^ fcf* ^7X^5 Wl£-&T, ^rs<4*. & © T $ 

[0028] <t^^r% czsr^^ii^v y ^>i*t 

tp<Dmmfttfm&\3x lO^atoms/cra-U^ f:('^^> t . =r 
-C , 0SF y V ^(/^^^^"COSF^^^ t & n t 



(5) 

7 

Lt^U v y ^>¥^^1^f 3^^£*13xl0 17 

£i%z>%xmmfiK mmmmm^tcib^mx^r, os 

[0 0 2 9] -~h\ St#^^^13Xl0 17 atoms/cm^J: 

-rfcs^t-ii, osFy >y<nft^&xos?f>mi&£ft> 

Omm/minW±(C-r 6 r t^iot, 0SF<D^£^#ffi-r 5 

5, y >^«T*osFco^^^^6^rrm^^jf^ 
$n.s?as*sia^ s j^iooo < c^^85o < c-e*> 9 , 31 £ .hif 

F^M^co/^ *nmx* Zfcbxh&o 
[0 0 3 0] 

[0 0 3 1] («#J 1 ) 18" ^^43 iU«*-sK> 
m/min) £ 3! # _htf fte^ftcD^f^fi^gdG CC/mm) 30 

?a^i400 < cti3oo < c-ccD?a^4afidco^^ Lfc 0 

[0 0 3 2] [g]3li. ^Jfctfll T*ffl^fc2^(7)*7 hy 
— >A, BCOVXG (mm 2 /T>min) il&'£^1-[#]T*£>S 0 

^•y h '/-^Btlil. 4mm/minT?*>ofco 
[0 0 3 3] ^itlfl(-^*B*#^^y ^>£65kgA 

e@ 150mm (6" ) tO^^y^^ < 100 > T\ 
^4*^10 OcmCD^^, h^—>A£;XXfB 40 

MT100imT*3l>J&^£1.8mm/nnn(CU «T500m 
nit'O. 4mm/niinlCft£> J: 9 I- -S£<7)#Jft-C^* {^31 £ hit* 

fiv M F 100mm "CI. 4mra/min(^ L, M h 50 Omm "CO. 4mm/mi n 
\z*£Z>X htfM ^r^^idiST^-frfco ^-co 

riL^tfOS^^ti^TSOOmmiUI^SrO. 4mm/minCO'j|£ h. 
(f^/fi^^T"700mmir^>j£Lfc^, McO^T^ -f 

[0 0 3 4] fr;^^oo^^^^^#>jiMji- Wic^i. 50 



:frf$X 1 1 1 5 7 9 9 5 

8 

5mnTCtfJ <9 fH U H Fi5 ctU*H N 0 3 ^f>/<e 
tZ^, ll-13xiO I7 atonis/cni^^T*$?o/c. 

<n^>'ffv*, tf s &mmmcomm5\XHoo'x:x4hv+ 

1000t:xi6hrcO^*a5IL/c^ Xi h#^77l:J;ot 

— ^&1000ppm % CuN0 3 7k^?£^(C^»fU Lfc 

[0 0 3 5] g]4lt ^JfetfOl tCioV^TBi^h^^^^ 

xm^M^^X^^^U^^irmxh^) , (a) 

V^5 0 EM^^I'lt, fry hy—>A-T?<n$\£±if& 
JM. (1. 8mm/min— 0. 4mm/min) 43 J: l» ^ h > B T'CO 
Sl^-hlfaiift (1. 4mm/min— 0. 4mni/min) $:^LT^ 

So 

[0036] gisii, EI4 ^<-r>i\$±m&x<r>fcm 

Sr. (bm*:y hy-yBT'M^Hm^LT^ 
6 C gl4*5j:U*|g|5(0^^io, V/GM^O^OmmYt: 
■miniaXT^S^^ICfi, 0SFV >^O^ij«i'ti^ 

[0037] m<nv>y p ^&m i mmm^\M5\tp 
x 1 1 oor x i6hr<nm&im & l x m<t m^-> tc 0 mtm & 

Jf#$SJt2*13 xlO ,7 atoms/cm^^T*fc6^^l-ti, 0SF y 

[0038] cmmm2) mmvu xmi^tce" 

£ft^tz c ^^ ( fuC7>W^^2mcO^-y hy->A, B-C 
ftl\ f^C<. ^A'jl^Xif^/t" li, ^7h/->Af 
1.8mm/min, ^ -y h > B X\. 4mm/min t L fc. ttfi^N 

fc^, |nJ^CO^{; lot: C^^(DXI&^ 

[0 0 3 9] 1^1 6 (i, 'j^Sfe"^j2(C*50T, 'A-ifcM 1 tin] 

(a)fi^-y h V">AT'^>Jc^iLfc^^K (b)li^-y h 

— > B Xffh% £ n feV eIm ^; ^ y /> 4'^LTi^ u ^ i i 



(6) 



9 

b<Dl£$ i ty<Dfe+m&mm!£te. 13-15 xlO I7 atoms/cm 
*Xh->fc 0 OSFy 9A?<D$£$v#t$t 

[0040] 1 1 m c^te-e, «£r B ® tc*3 

^^ofco W.k^jj&^fe, ^l#_Ltf^^l.Omm/mi 
0 I7 atoms/cm 3 W±CD^T*£>oT fc, OSFy >^<D^^_ 
[0 0 4 1 ] 

L^h, ffifow^mzfrz&mmmzfrfrfrb'r, os 

<9, ^H^^^^^T, 



10 



20 



H^m'¥ 1 1 -15 7 9 9 5 

10 

[gin v=—s^.bfrb<»&.%rnmm&mtokL. v 
[®2] ospy >y<n*'&&i$&¥&<n7o%^o%<nii&m 

V/G CmrnVr-rain) m&s7~m\Xh& 0 

im4] ^^^xmmhtf^yyxn&ziiti 

ms] em to^i-ei # h(f m&wtemtmiz * z> v 

/ G \&<F> r> m — tij ft ft cD^Mft £ ~C&> 5o 

[^-^ot^l 



^ — 2 : OSFy ^ 

ospy >sf<DfaWmi& 



m i ] 



[g]2] 



[13 3] 



0.45 I 




s 
s 

u 

\ 

> 



o- 2 .+ + + + + + + + ++++*sf 1 

0.15 :+ + + + + + + ++ + + + tt+ + + 
01 -+.++ + +++ + + + + + ♦ ***± 



(a) 



10 



20 30 40 





(b) 




> 



r+4 + + ++ + + * + + + t + i"r + 
>♦ + + + + + + + * + + + f 
0.15 : + + + + + + + + + + + + 

E» + ++ + +4 + + + +-4+ + 
0.tb-+ + + + ++ ++ + + ++ + '*t++ 



5 



10 20 30 40 50 GO 70 80 

(mm) 



(7) ¥fmW- 11-1 5 7 9 9 5 





